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World’s energy consumption is increasing signiﬁcantly in
recent decade due to economic and population growth. Interna-
tional Energy Agency forecasts that global energy demand will
increase by one third from 2007 to 2035. However, the share of fos-
sil fuel in world’s energy mix will decrease from 82% to 76% in
2035 while renewables share in primary energy use rises to 18%
in 2035, from 13% in 2011 [1]. In addition, depletion of fossil fuel
resources and uncertainty of oil price encourage the search for bio-
mass based renewable energy sources due to their local availabil-
ity, affordability and sustainability. Employing biomass as energy
source is likely to be an attractive option for reducing greenhouse
gas emission due to its ability to deliver a signiﬁcant reduction in
net carbon emission when compared with fossil fuels [2–4].
Combustion of biomass is considered to be CO2 neutral as it can
be captured from atmosphere by photosynthesis process [5,6].
Oil palm industries can be considered as potential resources for
generation of renewable energy. From the processing of fresh fruit
bunch (FFB), palm oil milling plant produces 23.5 wt% as crude
palm oil (CPO), 5.2 wt% as crude palm kernel oil (CPKO) while
the rest, 71.3 wt%, is released into the environment in the form
of solid or aqueous phase [7]. Decanter cake (PDC) is generated
dried, the PDC become ﬁre hazard and contribute toward i
ing the amount of suspended particles in the vicinities o
Recently, PDC has been utilized as feedstock for the prod
of cellulose and polyose [8,9], bio-surfactant [10], bio-b
[11], and bio-diesel [12]. So far, there is no report on therm
version of PDC into bio-oil through pyrolysis process.
Biomass is converted into energy sources through therm
logical, mechanical or physical processes [13]. Biomass is he
the absence of oxygen to 275–675 C during thermal con
via pyrolysis to produce portion of gas, liquid (condensable
and carbon rich solids [14]. The relative amount of each f
depends on the initial feedstock type and mode of pyrolys
pyrolysis (residence time less than 2 s) at 400–600 C pr
up to 75% liquid fraction, while slow pyrolysis generates
liquid fraction and more solid fraction. A speciﬁc process, g
tion, converts almost 90% of biomass into gas fraction [15].
sis for liquids production is currently of particular interest
liquid can be stored and transported, and used for che
synthesis or as an energy carrier [13].
Vacuum pyrolysis is usually conducted in slow or interm
rate pyrolysis mode. Vacuum pump is employed to evacuate
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The present study was carr
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volatilization were also de
compared to other bio-oils
lower than that of convent
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1. IntroductionNordin a
azak, 26300 Kuantan, Pahang, Malaysia
raya Tun Razak, 26300 Kuantan, Pahang, Malaysia
out to investigate the potential of palm oil decanter cake (PDC) for bio-oil
tures by vacuum pyrolysis. PDC was ﬁrst dried in oven at 105 C for 24 h to
to particle size of 0.85–2 mm. Pyrolysis experiments were carried out at
, with heating rate of 15 C/min. The highest yield of bio-oil (22.12 wt%)
perature of 500 C. The chemical characterization of bio-oil was studied
lyzer and GC–MS. The other properties like pH, caloriﬁc value and thermal
ined. The pH value recorded to be 6.38, which is found to be higher as
e caloriﬁc value of PDC bio-oil found to be 36.79 MJ/kg, which is slightly
l liquid fuel such as gasoline and diesel fuel. However, the bio-oil obtained
acteristics than that of bio-oil derived from palm kernel shell (PKS).
 2014 Elsevier Ltd. All rights reserved.
by palm oil milling plant from three-phase CPO puriﬁcation. The
production rate of PDC is about 4–5 wt% of fresh fruit bunch pro-
cessed. This is equivalent to around 3.6 million tonnes of PDC gen-
erated by Malaysian palm oil industries in 2012. At the oil palm
mill site, the PDC generated take up a lot of space. Moreover whenncreas-
f mills.
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